Mellin Transform Based Performance Analysis of FFH M-ary FSK Using Product Combining Against Partial Band Noise Jamming by Ahmed, S. et al.
3
Then, using (2), the PDF of Z0 can be generated as the
inverse Mellin transform of (13), yielding
fZ0(y0|p) =
Z c+i∞
c−i∞
y
−z
0 α
p(1−z)/2
J α(L−p)(1−z)/2
× Γ
L[(z + 1)/2]dz. (15)
We now invoke the change of variable technique and replace
(z+1)/2 by z in the above equation, since this does not affect
the path of integration [6]. Hence, after further simpliﬁcation,
we have
fZ0(y0|p) = 2
Z c+i∞
c−i∞
y
1−2z
0 α
p(1−z)
J α(L−p)(1−z)ΓL(z)dz. (16)
Upon applying the residue theorem [5]–[8], [13] to (16), we
have
fZ0(y0|p) =
X
j
Res
￿
2y
1−2z
0 α
p(1−z)
J
× α(L−p)(1−z)ΓL(z)
￿
(z=−j)
, (17)
where Res[.](z=−j) represents the residue at the jth pole
of the integrand. The PDF of Z0 can be determined upon
numerically evaluating (17) by using symbolic mathematics
based software, such as Maple or Mathematica. However, in
what follows we also derive analytical expressions for the
PDFs fZ0(y0|p) and fZm(ym|p), with the aid of [5], [6], [8],
[13], [14].
It is widely recognized that the function Γ(z) has an inﬁnite
number of poles at z = −j for j = 1,2,..., and at each of
these poles the corresponding residue is given by [13], [14]
Γ(z)(z + j)|(z=−j) =
(−1)j
j!
. (18)
Since ΓL(z) in (17) has an Lth-order pole at each integer
value of z = −j, with the aid of [5], [6], [13], [14], we have
fZ0(y0|p) =
2α
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∞ X
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.
Letting U(z) = (α
p
JαL−py2
0)−z and V(z) = ΓL(z)(z + j)L,
we have [8], [14]
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where U(r)(z) and V(r)(z) denote the rth derivatives of U(z)
and V(z), respectively. Then, it can be readily shown that we
have
U(z)|(z=−j) = (α
p
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L−py
2
0)
j (21)
and
U(r)(z)|(z=−j) = [−ln(α
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0)]r(α
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0)j, (22)
while, following a number of manipulations with the aid of [5],
[6], [8], [13], [14], we arrive at
V(z)|(z=−j) =
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(j!)L . (23)
and
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The interested reader may refer to [8] for the complete
derivation of the above equation. Hence, the PDF of Z0,
conditioned on the assumtpion that p out of the L hops are
jammed, can be determined from (20), while the PDF of Zm,
m > 0 can be similarly expressed as [5], [6], [8], [13], [14]
fZm(ym|p) =
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where
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m)j (26)
and
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Thus, the symbol error ratio (SER), conditioned on the
assumption that p out of the L hops are jammed by PBNJ,
is given by [9]
Ps(p) = 1 −
Z ∞
0
fZ0(y0|p)
hZ y0
0
fZm(ym|p)dym
iM−1
dy0. (28)
The overall average SER is therefore given by [1]
Ps =
L X
p=0
￿
L
p
￿
ρp(1 − ρ)L−pPs(p). (29)
Given the SER, the corresponding BER can be determined
using the relation of Pb =
M/2
M−1Ps [9].
III. NUMERICAL RESULTS AND DISCUSSION
In this section, we validate our analysis detailed in Sec-
tion II using numerical results and discuss the achievable
performance of the system employing the proposed method.
The integrations seen in (28) are performed numerically. It
has been found based on our results not presented here owing
to lack of space that using a limited number of residues, i.e
j ≤ 30, is sufﬁcient for computing both the PDF and the BER
accurately.
Using (20), we portray the PDF of the PC’s output corre-
sponding to the FFH-MFSK signal tone in Fig. 2, assuming
M = 4, L = 3, Eb/N0 = 10dB in the absence of jamming.